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INVESTIGATIONS OF SWEET CORN RESISTANCE TO THE 


HUROPEAN CORN BORER. 1935 - 1937 


By Morris Schlosberg, Wi A. Baker, and-Ralph Mathes, Division of Qereal 
and Forage Insect Investigations, Bureau of Entomology and Plant Quar-— 
antine, United States Denurtment of Agriculture. 


Introduction 


Investigation of sweet corn resistance to the European corn borer, 
Pyrausta nubilalis (Hbn.), was begun in 1935 and continued in 1936 and 
1937 by the Bureau of Entomology and Plant Quarantine of the United 
States Department of Agriculture in cooperation with the Bureau of Plant 
Industry of that Department. Materials for the program were furnished 
by the Federal Bureau of Plant Industry and various State Agricultural 
Experiment Stations, and consisted of experimental inbred lines and hy- 
brid crosses of Bantam, Country Gentleman, and Evergreen sweet corn, 

The studies were conducted near Maumee, Ohio, with supervision from the 
Federal European corn borer laboratory at Toledo, Ohio. To secure ade- 
quate infestation among the strains, natural infestation was supplemented 
by additional infestation with eggs by hand at a uniforn rave per plant. 
The surviving larval progenies, when approximately fuil-grown, were 
determined by dissection of the plants. These served as the basis of 
evaluation of the strains, with due accommodation of bias introduced by 
variable experimental conditions among the strains. The strains were 
tested in four-fold replication by the method of Randomized Blocks. 


1/ During the progress of the investigations, the writers have rocoived 
the benefit of advice from P. N. Annand of the Bureau of Entomology and 
Plant Quarantine and M. T. Jenkins of the Bureau of Plant Industry. 
Active cooperation throughout the investigation is being maintained with 
Glenn Smith, Bureau of Plant Industry, Lafayette, Indiana, in all of the 
essential corn breeding activities. C6. A. Crooks, Bureau of Entomology 
and Plant Quarantine, now associated with the investigations, aided in 
the assembly and analysis of the data. 
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Objectives 


The general objectives of the investigation embrace the following 
lines of study: (1) the determination of sweet corn strains possessing 
resistance to attack by the borer; (2) the intensification and transfer 
of the trait to agronomically desirable strains adapted to specific 
localities; and (3) the determination of plant characters associated with 
inhibition of larval establishment and development as an aid in breeding 
borer-resistant strains of sweet corn. The studies to date have been 
concerned principally with the determination of borer-resistant strains, 
the results being presented herewith. 


Three phases of resistance to the borer may be recognized in a strain, 
namely, (1) repellence to oviposition on the plants, (2) inhibition of 
larval development on the plants, and (3) tolerance to injury of the plants 
as reflected in yield. Each affords a separate basis of study. Low popu- 
lations resulting from repellence to oviposition and inhibition of larval 
development necessarily do not predicate final evaluation of the resistance 
of a strain, since lack of tolerance of the plants to injury may more than 
offset the benefit gained in the production of low yield. Owing to general- 
ly prevailing light conditions of natural infestation, it appeared feasible 
to investigate first the middle phase, inhibition of larval development, 
by supplementary manual infestation of the strains with eggs, and in later 
tests confirm the value of the strains with respect to the first and third. 
The general concept of resistance imposes relative freedom from effect 
under favorable conditions of attack of a host by an inimical agent. In 
the present study the effects of what may be termed accidental benefits 
were eliminated in considering the performance of the strains. Thus, dif-~ 
ferences in larval populations among a number of strains arising from 
their variability in seasonal growth and maturity at the time of their in- 
festation with eggs were not considered as evidence of resistance, and 
were given due account by analytical methods, as clarified later. 


Materials 


Materials for the tests were provided by the Federal Bureau of Plant 
Industry, and the following State agricultural experiment stations: 
Connecticut, Illinois, Indiana (Purdue), Iowa, Maryland, Michigan, Minne- 
sota, and Ohio. The test strains consisted of experimental inbred lines 
and hybrid crosses of Bantam, Country Gcntleman, and Evergreen sweet corn, 
among which were several released lines. Particular attention was given 
to the study of the inbred lines as a source of basic characters. In 1935 
the strains were selected to represent a wide range of sweet corn types. 

In 1936 and 1937 the same basis of selection was used, with repetition of 
the strains showing promise in the previous tests, Owing to the preliminary 
status of the investigation and the need for general information on the 
performance of the strains and the technique of discrimination with respect 
to resistance, a larger number were retained each year for retest than 
their performance appearcd to warrant, Ninety-eight sweet corn strains were 
planted in 1935, 175 in 1936, and 256 in 1937. Of these 82, 164, and 27 
strains, respectively, were successfully tested. Tests of the remainder 

of the strains were abandoned principally owing to inadequate stands of 
plants. Three hundred and thirty-seven different strains were represented 
during the three years of tests. The kinds and numbers of strains fur- 
nished by each of the contributors are given in table l, 
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Experimental Procedure 


Experimental layout. The experimental design in each year followed 
the method of Randomized Blocks’. Quadriplicate tests were provided in 
each year with exception of part of the strains in 1935, which were tested 
in triplicate. In 1935 the strains were randomized in the experiment re- 
gardless of sort. In 1935 and 1937 the strains were segregated in sections 
according to sort to reduce competitive effects. In 1936 each block com- 
prised 7 sections of 25 strains each, and in 1937 eight sections of 32 
strains each, The strains were randomized in the sections and the sec-— 
tions in the blacks. In 1935 the plots consisted of 3 rows each 45 feet 
long, in the case of the strains that were tested in quadriplicate. The 
middle row was used for data, the outer.rows scrving as buffers. The 
plants were spaced at approximately 15 inches. Each test row was divided 
into three sections, one receiving only natural infestation, the second 
additional infestation with one egg mass, and the third additional in- 
festation with two cgg masses. In the case of the strains tested in 
triplicate in that year, a single row, fifteen fect long, was provided 
for each rate of infestation, with no buffer rows between them, ‘as basis 
for a trial test. A borer migration effect was noted, and the method 
subsequently discarded, The data obtained from the first and third sec- 
tions were considered in the present problem. Single row plots were used 
in 1936 and 1937. Each plot was 30 feet long, with plants spaced at ap-— 
proximately from 9 to 12 inches. In each plot half of the plants were 
naturally infested, and 12 plants (if available) in the remaining half 
infested by hand with 2 egg masses. The two sections were separated by 
3 feet of space in 1935 and 1936, and by buffer plants in 1937. In 1936 
each test plot alternated with a buffer-row plot of a commercial varicty 
of the same sort as the test strain; In 193/ the same method was pro- 
vided but undue rainfall prevented planting of the buffer plots. The wide 
space (eighty inches) between the test plots, however, appeared to serve 
the same purpose, namely, avoidance of the effects of borer migration, 
since no leaf contact was possible. 


Size of samples for insect and plant measurements. A uniform sample 


of ten plants in each test plot was used to obtain the various measure- 
ments required, providing forty plants for each measurement in the case of 
each strain (four replications of ten plants each). In some instances 
fewer than ten plants were present when the available number were used, The 
mean results for the numbers of plants available were used in the analysis 
of the data, With the exception of natural infestation, all other data 
were taken on the same samples of plants. Other exceptions are noted in the 
Giscussion of the specific measurement concerned. 





dpe eens cher, oh, A. 
1932, Statistical Methods for Research Workers, Ba. 407) pole. 
Edinburgh and London. 
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Methods and dates of planting. In 1935 the strains that were tested in 
quadriplicate were planted on May 21, and those tested in triplicate on 
May 22, In 1936 the test strains were planted on May 21. The buffer vari- 
eties were planted at a later date (June 1 and 2) to avoid their undue 
competition with the test strains for eggs during moth flight, and to re- 
duce their general vigor until the time of dissection of the test strains 
to determine borer populations. In 1937 the test strains were planted on 
May 25. Undue rainfall prevented the planting of the buffer varieties. A 
modified hand-planter was used to drop the kernels at approximately the 
required spacing of the plants. In 1937, owing to inclement conditions, a 
top-dressing of nitrate of soda (16 nercent nitrogen) was applied at the 
row on July 12 at a rate of 100 pounds per acre. 


Method and dates of infestation. The egg masses for the manual infes- 
tation of the plants were obtained from moths confined in screened cages, 
Oviposition occurred on sheets of waxed paper inserted in the cages. To 
provice for attachment on the plants the individual egg massos were cut 
from the sheets and transfixed with common pins, Before transfer to the 
plants they were then incubated in the laboratory at a mean temperature 
of $0 degrees Fahrenheit and a relative humidity of not less than 90 per- 
cent until ready to hatch, generally within the fourth day of being laid. 
Generally, the egz masses were attached on the mid-rib on the upper sur- 
face of a leaf well protected from direct sunlight. Hatching on the plants 
occurred within 6 hours to 1 day of application. Eggs laid in the field 
had a mean hatching time of 5 days, Hand infestations were made at a rate 
of 2 egg masses per plant, each containing an average of 30 eggs. In 1945 
the strains tested in quadriplicate were infested with both egg masses 
on the same date, July 21. Infestation of the strains tested in triplicate 
began on July 23 and ended on July 25, In 1935 the period of natural 
oviposition extended from approximately July 1 to the first week in August, 
with heaviest egg laying about July 12: In 1936 a single egg mass was 
attached to each plant of each strain on each of two dates, July 7 and 
July 12, Natural oviposition extended from June 14 to August 23, includ- 
ing the eggs laid by a partial second generation of moths, Second-gencra— 
tion oviposition, however, mainly was confined to late-planted corn 
nearby which was the preferred host owing to suitable development. First-— 
generation oviposition extended approximately from June 14 to July 23, 
with heaviest laying about July 9. In 1937, although all test strains 
were planted on the same date, it appeared desirable to infest the Bantam 
strains at an earlier date than the generally later maturing Country 
Gentleman and Evergreen strains. The Bantam strains were infested with 
both egg masses on July 13. The Country Gentleman and Evergreen strains 
were infested with a single egg mass on each of two dates, July ee and 
July 26, as the eggs became available. An exception was made in block 1 
which, Owing to the near hatching of available egg masses, was infested 
with the second egg mass on July 25. Natural oviposition occurred approxi- 
mately between June 19 and July 22, with the peak about July 10. Oviposi- 
tion by a partial second generation of moths occurred during August, but 
infestation from this source, while fairly heavy, was of no consequence in 
the experiment as the resultant larvae were readily distinguished by size 
from first-generation larvae at the time of dissection of the plants, 
Generally lower survival rates prevailed among the strains in 1937 than oc- 
curred in 1935 and 1936, possibly as a reflection of the frequent rainfall 
Curing infestation and the generally poorer condition of the plants. 
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Methods and dates of larval population determinations, The larval 
populations contained in the natural and hand-infested sections of the 


plots were determined by dissection of the plants approximately 30 days 
after the date of hand infestation, when the borers were approximately 
full-grown, A ten-plant sample was dissected in each section, totalling 
40 plants per strain for each level of infestation (four replicates). 
Where stands were inadequate to provide ten plants the available number 
were dissected, The mean number of borers per plant per replicate was 
used in the analysis of the data. In 1935 dissection of the plants was 
begun on August 12 and completed August 29. With exception of a number 

of the earliest maturing strains each replicate block was completed be~ 
fore another was begun. In 1936 dissection of the plants was begun 
August 7 and completed August 265. Owing to the presence of a large number 
of early maturing strains, the dissection proceeded from these to the 
later maturing strains in succession to avoid the effect of borer migra- 
tion associated with the drying of the strains. The natural and hand- 
infested sections were dissected at the same time. In 1937 dissections 

of the hand-infested sections of the Bantam strains wis begun August 12 
and completed August 17. The naturally~infested sections were dissected 
between August 17 and August 19. The hand~infested <ceciions of the 
Country Gentleman and Evergreen strains were dissected during the period 
of August 19 to August 28, and the naturally—infested sections during the 
period August 28 to September 1. In each group of strains the hand- 
infested sections were dissected first to avoid the effect of borer migra 
tion associated with concentration of larval population. Dissection of a 
group ef strains in any one block was completed before dissection of the 
same group in a second replicate block was begun, 


Plant development records. The need for certain measures of plant 
development, concomitant with berer development phenomena, and the methods 
applied to obtain them are discussed in the topic following for greater 
clarity. ' 


Experimental Discrepancies and Data for Correetion 


Owing to the large number of strains included in the tests, it was 
impractical to attempt an adjustment of planting date to accommodate their 
differences in seasonal growth and maturity, nor was it possible to con- 
trol their rates of natural infestation. The resultant experimental dis- 
crepancies among the strains were reflected in the larval populations ob- 
tained. To evaluate the strain results cn the basis of uniform experimenta-— 
tinn it was essential to give due account to the varying experimental 
conditions among them. Data were obtained on the fallowing variablag for 
this purpose: (1) The rates of natural infestation of the strains, as 
represented by the larval progenies surviving from naturally—deposited 
eggs on the plants; (2) the dates of appearance on the plants ef the tas- 
sels, pollen, and silks; (3) the heizht of the plants in inches at various 
stages of insect phenomena, such as neak of natural oviposition, the dates 
of hand-infestation of the plants, and the dates of larval population 
determinations; and (4) the numbers of tillers on the plants. The variates 
and the methods applied to their measurement are given below, with a brief 
discussion of the relation of each to the problem. The results of previous 
experiments afforded the basis of selection of the variates measured. 
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Recording of natural infestation. Similar samples of plants, contiguous 
in the test rows, were used to record the number of larvae that had survived 
from eggs naturally oviposited on the plants than those which were used in 
the determination of survival in the hand-infested sections, Although, in 
general, natural infestation of the plants occurred at an earlier date than 
the hand infestations, the larval determinations were made in both samples 
of plants at about the same time. The larval populations were determined 
by dissection of the plants at the approximate time of the full growth of 
the borers. 





The rates of natural infestation among strains of corn are known to 
vary mainly as a result of variations in seasonal growth and maturity which 
affect both natural oviposition and the survival of larval progeny. Since, 
in the »resent study, the experiments were controlled with respect to hand- 
infestation but varicd with respect to seasonal growth and maturity of the 
strains, the variability in larval populations arising from a differential 


of natural infestnrtion required compensation, Accounting of natural egg 


deposition proved a prohibitive measure owing to the labor entailed. It ap- 
peared feasible, however, to determine the larval populations resulting 

from natural ovinosition in an adjacent sample of plants in the case of 

each strain, and to apply this data to oxnlain the variability arising there- 
from, Tho variability in larval yonulations among the strains in the hand~ 
infested sections was found highly associated with the variability in the 
rates of natural infestation among the strains. 


Recording of tassel, pollen and silk data. The tassels, pollen, and 
silks were recorded on the datcs of first appearance, ten successive plants, 
tagged and numbered at the beginning of the scason, being examined daily in 
each plot. In 1935 and 1936 the data were taken on the plants in the 
naturally-infested sections of the plots to avoid undue handling of the 
more heavily infested plants, but some difference in height was noted in the 
hand-infesteé sections owing to larval activity and in 1937 the data were 
recorded. from these sections. 


The mean tasseling dates of the strains when expressed as the number 
of days from a base date common to all (June 30) afforded a measure of 
their relative developmental condition at the time of hand-infestation of 
the plants with eggs. The pollen-shedding and silking dates, respectively, 
similarly furnished this information. Any one of the three phenomena of 
development which gave the better result was used in the case of each 
category of strains considered as a group for analysis. The selection of 
June 40 as the base date bears no significance to the problem other than 
that of convenience. The actual dates of tasseling, pollen-shedding, or 
silking readily may be calculated from the figures given. The number of days 
from planting to any one of the three stages of development may be obtained 
by addition of the number of days elapsed from the planting date (May 21 in 
1935 and 1936, and May 25 in 1937) to June 30. Consideration of the relative 
developmental condition of the strains when infested by hand with eggs was 
prompted by previous studies which had disclosed an association of the sure 
vival of larval progeny with the stage of development of the plants when in- 
fested. The rates of survival increased as the plants were older when in- 
fested with cggs. In the rresent study the variability in larval populations 
among the strains arising from developmental variant could not be considcred 
as a reflection of resistance to borer development, necessitating accommo- 
dation of the influence of this variant through statistical analyses. A 
large part of the variability in larval ponulations among the strains was 
found associated with the developmental variant. 
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The presence of the tassel (in carly stage of development) at the time 
of infestation had been found to contribute to the survival of larval pro- 
eeny, The actual numbers of tassels presont at the time of infestation .- 
therefore were determined and expressed as percents of the totals. The re- 
sultant variant was used to explain, in part, the variability in larval 
ponulations among the strains. A high corrclation cxisted between this 
variant and the variants respectively expressed by the tassel, pollen- 
shedding, and silk dates. 


Recording of plant height. All plants on which tassel, pollen, and 
silk data were taken vere measured for hoight at verious stages of insect 
develooment during the scasgon. The measurement on any given date consisted 
of the distance from the ground level at the base of the stalk to the tip 

of the leaf remaining when the plant was lightly brushed through the hand, 

In 1935 the hoight of the strains was measured on July 18, July 27 (average), 
and September 3, the latter measurement boing taken un a different sample 

of plants following dissection of the former, In 1935 the strains were 
moasured.ou June 23, duly 3, guly 10, July L/, and 4ugust le. In 19357 all 
the strains were measured on July 7, at approximately the neak of natural 
oviposition, Weekly measurements vere impossible, Therefore the Bantam 
strains were restricted to measurements on July 14, at the approximate 

time of hand-infestation of the plants, and August 11 at the approximate 
time of the larval determinations. The Country Gentleman and Evergrecn 
strains similarly were restricted to measurements of the plants on July 24 
and August 19. The height measurements associated with natural oviposition 
were used in the analyses of the data: that of July 18 in 1935, July 10 

pm 10464 ndiguiy 7 in.193/,; 


In previous studies, where simple relationships existed between the 
seasonal growth of the strains and their relative stage of maturity, the 
height variant was found highly associated with both the number of eggs 
Ovinposited on the strains and the survival of larval progeny. The taller 
strains at moth flight, in general, were found more attractive for ovi- 
position, The association of plant height with the survival of larval prog- 
eny probably was a reflection of significant relation between the height 
of the plants and their relative stage of maturity at the time of infesta- 
#i0n, and therefore indicative of the latter influence. In the present 
study, however, the seasonal growth of the strains presented a complex 
situation in the fact that carly and later stages of development were repre- 
sented by both short and taller strains at any time of measurement asso- 
ciated with borer development, Nevertheless, the height variant was in- 
cluded in the ostimate of explainable variability in larval populations 
among the stroins, as mainly associated with differences in natural infesta- 
tion among the strains, While generally of nonsignificant influence in 
the regression, improvement by its use was noted, 


Recording of tillers on the plants. The numbers of tillers present on 
the nlants that were dissected for the larval determinations were counted 
at the time of their dissection. In 1935 and 1936 tiller development vas 
vigorous and significant differences in numbers occurred among the strains. 
Owing to seasonal influences the numbers of tillers produced on the plants 
in 1937 were insufficient to warrant consideration, 
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Little information was found available on the relation of the tillers 
to the survival of larval progeny, but as their numbers differed among the 
strains their relative influence was considered worthy of attention. Ina 
previous experiment, in which the numbers of tillers comprised the variant, 
little influence had been noted on the survival of the larval progeny from 
uniform infestation with eggs. In the present instance, the use of the 
tiller variate was accompanied by an improvement of the estimate of ex- 
plained variability in larval populations among the strains, but the regres- 
sion was found of nonsignificant character. However, the improved estimate 
appeared to warrant its use. 
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Measurements were made of the varying experimental conditions among 
the strains, as described above, Prescribed analytical methods 1 were ap- 
plied to these data in the establishment of larval exnectancies for the 
varying experimental conditions encountered among the strains. Multinle 
regression equations were derived from the data which accommodated the rela 
tive changes in larval ponulation (dependent varia'’s) associated with the 
relative changes in the respective independent variat?s used, The equations 
were used to estimate the expected larval populations. The expected larval 
populations thus obtained constituted the average performance of the strains 
adjusted in the case of each strain to its varying conditions of test, Thus 
a standard of nerformance was provided in the case of each strain compar-— 
able to the average performance of the strains. The deviations of the ob- 
served from the expected larval populations, therefore, constituted the 
relative performance of the strains under identical conditions of test, and 
reflected the differences in performance among them, However, the objective 
of the tests centered interest on the extent of the deviation. 


Since the deviations of the observed from the expected larval popula- 
tions reflected, in addition to the experimental wrror, the influence of 
factors not considered in the multiple regression, they afforded a clue to 
discrimination among the strains in the selection for pvossible resistance 
to the borer, It appeared feasible to conclude that (1) small deviations, 
whether positive or negative, indicated average performance of the strains, 
(2) large positive deviations possible susceptibility, and (3) large nega- 
tive deviations possible resistance to borer establishment and development. 
To provide a standard basis of selection at least once the standard error 
of estimate arbitrarily was chosen as the maximum of deviation ascribable 
to average performance. 


The Experimental Results 


The experimental strain results for the specific years are presented 
in tables 2 to 7. The strain pedigrees, their test numbers in the respective 
year of test, and their test numbers in other seasons are given in columns 1, 
2, and 3, respectively. The data relating to variability in the experimental 
conditions among the strains are given in columns 4 to 9, and the independent 
variable represgentéd by each column identified by the letter symbols A to F, 
Sepoveliece, HA. and Gnedecor, G. W. 
1931. Correlation and Machine Calculation. Iowa State College of 
Agriculture and Mechanic Arts Bulletin, Vol. XXX, No. 4 
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respectively, The observed larval populations among the strains (the de- 
nendent variable), which reflect the influence of the variable conditions 
represented by the data contained in columns 4 to 9, are given in column 10, 
and identified by the symbol X. The expected larval yopulations (column 11) 
represent the average of porformance of the strains adjusted to the varying 
experimental conditions of the strains by multiple regression. The devia- 
tions of the observed from the expected larval populazions (column 12) repre- 
sent the relative performance of the strains under. similar conditions of 
test, in so far as due account was taken of the information contained in the 
data of columns 4 to 9, and reflect the portion of variability among the 
strains not explained by the independent variables used. On this basis the 
deviations afford a directly comparable statistic for evaluation of the 
strains with respect to possible resistance, Although the data for six in- 
dependent variables (A to F) are presented in each table, not all were used 
in each instance in the evaluation of the results. Thus, all were used in 
the evaluation of the results obtained in 1935 and 1936, but only a total 

of four was used in the treatment of the 1937 results. In that year it was 
found that as good results were obtained by the use of four of the inde- 
pendent variables as by the use of all. Owing te variable conditions of 
infestation and vigor of the different sorts of strains tested in 1937, it 
was found essential to treat them in separate grouns. The independent var-— 
lates used in the case of cach group varieaé in accordance with the best 
estimate obtained by trial determinations. The multiple regression equation 
by which the expected larval ponulations were estimated is given as a foot- 
note in the respective tables and in each instance was found to be highly 
Significant, The standard Ceviations, standard errors, and least significant 
mean differences among the strains were calculated for the various data in 
the respective tables and are shown under the respective columns of data 

to which they apply. 


Experimental results in 1935. The strain results obtained in 1935 are 
given in table 2, The strains are arranged under two main headings, inbred 
lines and hybrid crosses; according to sort, The source of each strain is 
shown in »arentheses following its pedigree. The results of the strains 
with test numbers from 1 to 32 were based on four replicated tests, and those 
of higher numbers on three replicatec tests, The expected larval populations 
were based on consideration of variables A to F (columns 4 to 9). The follow~ 
ing eleven strains were selected as of promise with regard to possible re- 
sistance to the borer on the basis of showing a negative deviation from 
expected performance of at least 1./81, the standard error of estimate: 
Bantam inbred lines Purdue P49 (1), Michigan 331098 (40), and Connecticut. 
C-6 (S2); Country Gentleman inbred lines Iowa 900 (9), Iowa 1445 (23), and 
Illinois R& (24); Evergreen inbred lines Iowa 377 (13), and Michigan 331220 
(83); and Country Gentleman hybrid crosses Illinois 9 X 1 (36), Illinois 
8 X 15 (€5), and Illinois 10 X 15 (87). None of the Bantam nor Evergreen 
hybrid crosses was found below average in performance, 
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Experimental results in 1936. The strain results for 1936 are given in 
table 3. The strains are arranged under two main headings, inbred lines and. 
hybrid crosses, and are grouped by sort and source. The results are based 
on four replicated tests. The expected larval populations were based on con- 
sideration of variables A to F (columns 4 - 9). The following twenty strains 
were selected as of promise with regard to possible resistance to the borer 
on the basis of showing a negative deviation from expected performance of at 
least 1.752, the standard error of estimate (the source and pedigree follow 
in. succession with the strain test number enclosed in parentheses): Bantam 
inbred lines Iowa 45 (101), Purdue 9 (104), Michigan 351828 (119), Minnesota 
13-34 (125), Minnesota 26-34 (128), Connecticut C-7 (135), Ohio sG206-2~1-5 
(138), and Ohio sG200-1-1-5 (139); Country Gentleman inbred lines Iowa 1434 
(150), and Iowa 1445 (151); Evergreen inbred lines Purdue 1009-2 (185), 
Michigan 351609 (206), Iowa 1071 (216) ,and Iowa 191 (217); Bantam hybrid 
crosses Iowa 51 X 30 (225), Iowa Golden Sunshine X 45 (227), Michigan 
351525 X 351085 (228), Michigan 351807 X 351085 (232), and Minnesota 38-28 X 
Golden Bantam (23); and Evergreen hybrid cross Maryland Evergreen X H146-1-1- 
1 (270), None of the Country Gentleman hybrids was found below average in 
nerformance, 


Experimental results in 1937. Owing to hand-infestation of the Bantam 
strains on one date and the Country Gentleman and Evergreen strains on 
another date, it was essential to treat the two groups of strains separately. 
A further division was made in each group with respect to inbred lines and 
hybrid crosses, since these were widely divergent in seasonal growth and 
vigor and a sufficient number of each scrt was available for a reliable 
analysis, The Country Gentleman and Evergreen strains were treated together 
oving to their similar habits of seasonal growth and vigor. Thus the strains 
testcd in 1937 were treated in four independent groups as follows; (1) Ban- 
tam inbred lines, (2) Bantam hybrid crosses, (3) Country Gentleman and 
Evergreen inbred lines, and (4) Country Gentleman and Evergreen hybrid 
crosses. The results obtained for each group are discussed separately, and 
are presented in tables 4 to 7. 


The Bantam inbred group comprised 29 strains. Their results are given 
in table 4. The data in columns 4, 7, 8, and 9 were the basis for the de- 
termination of the expected larval populations. The following four strains 
were selected as of promise in regard to possible resistance to the borer 
on the basis of showing a negative ceviation from expected performance of 
at least 1.7296, the standard error of estimate (the source and pedigree 
follow in succession with the strain test number enclosed in parentheses): 
Iowa 13 (260), Michigan 351828 (288), Minnesota 13-34 (298), and Minnesota 
26-34 (301). 


The Bantam hybrid group comprised 42 strains. Their results are given 
in table 5. The data of columns 4, 5, 8, and 9 were the basis for the de- 
termination of the expected larval populations. The following three strains 
were selected as of vromise with regard to possible resistance to the borer 
on the basis of showing a negative deviation from expected performance of 
at least 0.8704, the standard error of estimate (the source and pedigree 
follow in succession with the strain test mumber enclosed in parentheses): 
Michigan 1528 X 1819 (423), Michigan 1828 X 1820 (4204), and Michigan 1828 Xx 
1822 (425), 
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The Country Gentleman and Evergreen inbred group comprised 71 and 30 
strains, resnectively. Their results are given in table 6, The data in 
columns 4, 6, 8, and 9 were the basis for the determination of the expected 
larval populations. The following nineteen strains were selected as of 
promise in regard to possible resistance to the borer on the basis of show 
ing 2 négative deviation from expected performance of at least 1.4050, the 
standard error of estimate (the source and pedigree follow in succession 
with the strain test number inclosed in parentheses): Country Gentleman 
inbred lines Illinois Rl (308), Illinois R15 (316), Purdue FRI7 (5)1 (326), 
Purdue FRe2e(4)1 (327), Purdue W7(4)1 (338), Purdue 348(2)2 (344), Purdue 
7620 (8)1 (356), Purdue 8035 (6)1 (361), and Purdue $483(4)1 (378); and 
Evergreen inbred lines Connecticut 0-78 (480), Iowa 191 (386), Iowa 377 (382), 
Maryland H84—1-2-1-i-4 (394), Maryland H33~-1-2-2-1-4 (395), Ohio sN264—1-1-1 
(402), Purdue 4-641 (40%), Purdue V4 (6)1 (404), Purdue 1014 (2)1 (408), 
and Purdue 119-2—4 (411). 


The Country Gentleman and Evergreen hybrid groun comprised 42 and 33 
strains,respectively. Their results Sre shown in table 7. The data in 
columns 4, 5, 8, and 9 were the basis for the deteruination of the expected 
larval populations. The following thirteen strains wore selected as of 
promise in regard to possible resistance to the borer on the basis of show- 
ing a negative deviation from expected performance of at least 1.4394, the 
standard error of estimate (the source and pedigree follow in succession 
with the strain test number in parentheses); Country Gentleman hybrid cross 
Iowa 1919 X 1434 (494); and Evergreen hybrid crosses Connecticut C-78 X 0-77 
OG 1 aner se 15x 120501) Tiainots 67x 11 (408), Tilinois! 1x 6 Tdahe 
grown (510), Illinois 15 X 11 (514), Iowa 128 X leliS (515), Iowa 191 X leis 
(516), Iowa 261 X 1248 (517), Iowa 377 X.12u8 (518), Iowa 505 X 1eh8 (519), 
aoe X H33-1-2-2-1 (525), and Maryland Evergreen X H S4+1-2-—1-1 

Behe 


Discussion and Conclusions 


Although a large number of hybrid strains were included in the tests 
in each year, the principal objective of the investigations to date centered 
on the determination of resistance in the inbred lines, since the inbred 
lines are of basic utility in the essential breeding activities associated 
with the intensification and transfor of the trait to agronomically desirable 
strains adapted to specific localities. The information obtained on the 
hybrid progenies of the inbred lines mainly served as a basis of preliminary 
evaluation of the performance of the inbred lines in hybrid combination. 


The inbred lines selected as of »ossible resistance to the borer during 
the three years of test have been assembled in table 8, showing their per- 
formance in the years tested. The yoars in which the strains showed a nega— 
tive deviation from average performance at least equal to the standard error 
of estimate in the respective year are indicated by asterisk. The nedigree 
and source of each strain are given in column ls; the test number of the 
strain, the observed larval population, the expected larval population, and 
the deviation of the observed from the expected larval population follow in 
succession for each year. 
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Among the Bantam inbred strains presented in table 8, two were found. 
to be of outstanding promise in regard to resistance to the borer in each. 
year of their occurrence in the tests, namely, Michigan 351828 (number 6), 
and Minnesota 25-34 (mamber &), Ina sories of five hybrid progenies con— 
taining the former, all were found to harbor lower larval populations than 
expected when tested in 1937 (table: 5, 4Yee to 426); a single hybrid 
progeny containing 26-34 was available for the test in 1936 and again in 
1937, and in each year was found to harbcr lower larval populations than 
expected (table 2, 239 and table 5, 448). The inbred strains and their 
hybrid progenies were of early seasonal maturity. Detailed investigation 
of both inbred strains will follow to determine the cause of their ap-— 
parent relative resistance to larval establishment and development, and 
their possibilities with regard to intensification and transfer of the 
trait. Several other of the inbred lines shown in table & appear of favor- 
able promise, notably Iowa 9 (number 5) and Minnesota 13-34 (number 7). 
Their ultimate value will be determined by further tests. No strains of 
outstanding performance appear among the Country Gentleman and Evergreen 
inbred lines presented in table 8. However, several anpear favorable in 
the production of consistently lower larval populations than expected in 
the various years tested. Further tests are necessary to determine their 
value. 


An initial step has been undertaken to transfer resistance from field 
corn inbred strains to sweet corn, A field corn inbred strain, Illinois R4, 
was cetermined to possess definite resistance to the Sorer=; In 1937 this 
strain was crossed with several sweet corn inbred struins, The sweet corn 
segregates from these crosses will be tested when available to determine 
their nossible resistance. Similar work has been done with Maize Amargo, a 
South American flint corn, which appeared to be resistant to the corn borer-. 
A number of the sweet corn segregate inbred lines were received for test in 
the different years. In general, inadequate stands of plants of these were 
availabie for conclusive evidence of their performance, Acequate information, 
however, was available on a number of their hybrid progenies, which showed 
lower larval populations than were to be expected when tested in 1936 
(table 3, 223 to 233). When retested in 1937 (table 5,425 to 432), one har- 
bored. a lower »opulation than exnected, another showed average performance, 
and the remaining three failea to produce stands of plants. Failure to se 
cure adequate stands of plants of the inbred lines was attributed to the 
poor quality of the seed owing to the unusual unseasonal conditions prevail- 
ing when the seed was produced, Further tests are nlanned with seed produced 
during 1953/7. 








a mWateh,; L. H. 1937. Resistance of a single-cross hybrid strain of field 
corn to the European corn borer. Jour. Econ, Ent. 30 (4): 271-78 April. 
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Marston, A. R. and Mahoney, C. H. 1942. Progress report on breeding of 


sweet corn for corn borer resistance. Proceedings of the American Society 
for Horticultural Science, Vol. 29. 
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